METHODS AND DEVICES 
FOR MEASURING FUNDAMENTAL DATA OF LENSES 

[0000] 

CROSS REFERENCE 
This application claims priority to Japanese patent application number 2003- 
112431, filed April 17, 2003, the contents of which are hereby incorporated by reference as 
if fully set forth herein. 
[0001] 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to methods and devices for measuring fundamental 
data of lenses for vision correction, such as eyeglass lenses or contact lenses, and general 
optical lenses. According to the present specification, the "fundamental data" means data 
relating to lens shape or lens material, which determine the optical properties (e.g., focal 
distance, refi-active power) of the lens. Therefore, the fundamental data include data 
relating to the surface shape of the lens and the refi-active index of the lens. 
[0002] 

Description of the Related Art 
Japanese Laid-open Patent Publication No. 5-231985 describes a lens meter for 
measuring the refractive power (i.e., focal distance) of a lens. This known lens meter has 
a lens stand. The lens to be inspected is placed on the lens stand and illuminated with a 
parallel luminous flux, and its refractive power is calculated by measuring the focal 
position after the light has passed through the lens. 
[0003] 

SUMMARY OF THE INVENTION 
However, the shapes and material properties of lenses used for vision correction or 
optical devices have recently diversified and a demand has arisen for measuring not only 
refractive power, but also lens shape and material properties (e.g., refractive index). This 
is because, as shown in FIG.S 18a-18e for example, even lenses of the same refractive 
power (i.e., focal distance Fl) can be of absolutely different shapes. Furthermore, in the 



progressive multifocal lenses used for correcting presbyopia, the far portion and near 
portion are connected by a progressive zone portion resulting in a complex aspherical 
surface. For this reason, the far portion and near portion cannot be easily distinguished, 
thus creating a demand for measuring the lens shape with the object of distinguishing the 
far portion and near portion. Although the conventional technology has been able to 
measure the refractive power of lenses, it has not been able to measure the shape or 
material properties of lenses. 
[0004] 

It is, accordingly, one object of the present teachings to provide methods and 
devices for measuring fundamental data relating to lens shape and lens material properties. 
[0005] 

In one aspect of the present teachings, a lens to be inspected may be illuminated 
with light at a predetermined angle of incidence, and degree of refraction of the transmitted 
light that passes through the lens may be measured. The "degree of refraction" as referred 
to herein means the degree to which the light beam is bent by the refractive action of the 
lens (i.e., the degree to which the light beam is refracted by the lens). Therefore, for 
example, the refractive power and focal distance, which are lens constants, can be measured 
as indexes (i.e., physical parameters) representing the "degree of refraction". 
Measurement of the degree of refraction may be conducted for each illumination with light 
at a plurality of different angles of incidence, and a plurality of "angle of incidence - degree 
of refraction" relationships are thus obtained. Fundamental data of the lens can be 
calculated based upon the plurality of obtained "angle of incidence - degree of refraction" 
relationships. 
[0006] 

An example of the method for calculating fundamental data of a lens from the 
plurality of obtained "angle of incidence - degree of refraction" relationships will be briefly 
explained below. FIG. 1 schematically shows an example of a lens. In FIG. 1, the 
curvature radius of the front surface Si of lens 10 is denoted by ri, the curvature radius of 
the rear surface S2 is denoted by vi, and the thickness of lens 10 is denoted by t. The 
refractive index of lens 10 is denoted by n. Generally, when the thickness t of lens 10 
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cannot be ignored, the front focal distance fi and focal distance f assume different values 
and f = fi + OiHi. Point Hi is a principal point on the front surface Si side of lens 10, and 
point Oi is the intersection point of the front surface Si and the optical axis. Similarly, the 
rear focal distance f2 and focal distance f assume different values and f = f2 + O2H2. Point 
H2 is a principal point on the rear surface S2 side of lens 10, and point O2 is the intersection 
point of the rear surface S2 and the optical axis. 
[0007] 

The curvature radii ri, ra specifying the lens shape, and the refractive index n 
specifying the lens material properties can be calculated from the focal distance f, front and 
rear focal distances fi and fz, and thickness t. Furthermore, the front focal distance fi and 
rear focal distance f2 can be measured by the conventional technology. Therefore, if 
OiHi, H1H2, and O2H2 can be calculated, then it will be possible to calculate the focal 
distance f and the thickness t, and to then calculate the curvature radii ri, r2 and the 
refractive index n using the calculated values. 
[0008] 

FIG. 2 schematically shows the geometric relationship between the incident light 
and the transmitted light. As shown in FIG. 2, lens 10 is illuminated with light from a 
light source disposed at point Fr on the front surface Si side of lens 10, and the focal point 
of the transmitted light outgoing from the measurement reference position P on the surface 
S to be inspected (i.e., the rear surface S2 of lens 10) becomes point F2*. In FIG. 2, OiHi is 
represented by a, H1H2 by b, and O2H2 by c. If an assumption is made that the surface S 
has a large curvature radius r2 and is almost perpendicular to the optical axis, then the 
intersection point of the straight line Fi'F2 (i.e., optical axis) and the perpendicular line 
drawn from the measurement reference position P to straight line Fi'F2' can be considered 
as point O2. Thus, the distance from the principal point Hi to point Fi' (i.e., the object 
point distance) will be L - b - c (where Fi'02 = L), Further, the image point distance A 
will be F2'02 + c. Because the sum of the inverse number of the object point distance and 
the inverse number of the image point distance is the inverse number of the focal distance f, 
the following equation is valid: 
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1/(L - b - c) + 1/(F2'02 + c) = 1/f 



(1) 



As shown in FIG. 1, because the focal distance f is obtained by adding the distance 
O2H2 (= c) to the rear focal distance f2, the equation (1) can be transformed into the 
following equation. 

1/(L - b - c) + 1/(F2'02 + c) = l/(f2 + c) (2) 
[0009] 

Here, the distance Fi*02 (i.e., L) from the light source (i.e., point Fi') to the surface 
S can be predetermined. The distance F2'02 (i.e., the degree of refraction of lens 10) from 
the focal point F2* to the surface S can also be measured. Therefore, formula (2) is an 
equation containing b, c, and fz as variables. Because one such equation (2) can be 
derived from the "angle of incidence - degree of refraction" relationship, a system of 
equations can be obtained by measuring the degree of refraction for a plurality of angles of 
incidence. Then, the variables b, c, and f2 can be obtained by solving the system of 
equations. Thus, the degree of refraction relating to at least three angles of incidence may 
be measured to find the variables b, c, and f2. Similarly, if lens 10 is reversed and 
illuminated, from the rear surface S2 side of lens 10, then a, b, and f 1 (front focal distance) 
can be calculated. As a result, all the parameters specifying the shape of lens 10 and the 
parameter specifying the material properties of lens 10 can be calculated. 
[0010] 

Both the lens shape and the lens material properties can be specified apart from the 
aforementioned parameters, and which parameters are to be used can be freely determined 
by the user. Furthermore, it is not necessary to calculate all the aforementioned 
parameters using the method of the present teachings, and only the necessary parameters 
may be calculated according to the object. The physical parameter which is measured as 
the degree of refraction of the transmitted light is not limited to the above-described 
distance F2'02, and the angle P formed by the transmitted light and optical axis or the ratio 
tan p (= h/F2*02), which is determined by the angle P may also be measured. Here, the 
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aforesaid h is a set value unique to each device for measuring the degree of refraction, such 

as a lens meter, and is a known value. 

[0011] 

In one embodiment of the present teachings, it is preferred that the degree of 
refraction be measured when one side of the lens to be inspected is illuminated with light at 
three or more different angles of incidence and that the fundamental data of the lens be 
calculated based upon the three "angle of incidence - degree of refraction" relationships 
obtained by these measurements. The fundamental data relating to one surface of the lens 
can be calculated by obtaining three or more "angle of incidence - degree of refraction" 
relationships for this surface of the lens. 
[0012] 

In another embodiment of the present teachings, the thickness of the lens may be 
preferably measured by measurement device (e.g., micrometer). If the thickness of the 
lens is measured, one variable of the three variables a, b, and c can be eliminated. 
Therefore, the degree of refraction is measured by illuminating each of the two surfaces of 
the lens with light at two or more different angles of incidence. As a result, at least two 
"angle of incidence - degree of refraction" relationships may be obtained for each surface 
of the lens. Next, the fundamental data of the lens may then be calculated based upon the 
obtained four "angle of incidence - degree of refraction" relationships and the measured 
thickness of the lens. 
[0013] 

In another embodiment of the present teachings, one surface of the lens to be 
inspected is illuminated at three different angles of incidence, and each of the respective 
degrees of refraction is measured. The three parameters (e.g., the aforesaid b, c, and fi) 
for specifying the fundamental data of the lens are calculated based upon the three "angle of 
incidence - degree of refraction" relationships obtained by the measurements. Those 
parameters are calculated for each of a plurality of measurement points Pi (i = 1 - n) on the 
surface S to be inspected. The shape (e.g., curvature radii ru, r2i) of each measurement 
point Pi may then be displayed based upon changes with respect to the shape of the 
reference point Pi. According to this embodiment, the difference in shape of various 
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measurement points can be found by illuminating only one of the surfaces of the lens. 
[0014] 

In another aspect of the present teachings, the present teachings provide a 
measurement device for measuring the fundamental data of the lens. The measurement 
device may comprise a light source and a light detecting unit for detecting the light. The 
measurement device may also include a lens stand which is disposed between the light 
source and the light detecting unit. The lens to be inspected can be set on the lens stand. 
When the lens is set on the lens stand, the light emitted from the light source passes through 
the lens and is detected by the light detecting unit. The light detecting unit may output a 
signal according to the intensity of the detected light. Further, the measurement device 
may preferably include means for changing the optical distance from the light source to the 
lens (i.e., the lens stand). Changing the optical distance from the light source to the lens 
makes it possible to illuminate the lens with light from the light source at various angles of 
incidence. 
[0015] 

The measurement device may further comprise a control unit (e.g., microcomputer, 
microprocessor or processor). The control unit may receive the signal output from the 
light detecting unit. When the lens is illuminated with light from the light source at the 
predetermined angle of incidence, the control unit may also calculate the degree of 
refraction of the transmitted light that passes through the lens based upon the signal output 
from the light detecting unit and obtains the "angle of incidence - degree of refraction" 
relationship. The control unit may preferably calculate the fundamental data of the lens 
based upon the plurality of the obtained "angle of incidence - degree of refraction" 
relationships. 
[0016] 

In another aspect of the present teachings, the measurement device may further 
include a display unit for displaying the fundamental data calculated by the control unit. 
Various types of displays can be used as the display unit. Furthermore, it is not necessary 
to display all the fundamental data calculated by the control unit. For example, part of the 
calculated fundamental data may be selectively displayed by respective operations of the 
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user. 
[0017] 

In another aspect of the present teachings, the measurement device may have a 
condensing lens which is disposed between the light source and the lens stand. The 
measurement device may further comprise means for changing the position of the 
condensing lens in the direction of approaching the lens stand or withdrawing therefrom. 
As a result, the optical distance between the light source and the lens can be changed and 
the light will enter the lens at different angles of incidence. Alternatively, the 
measurement device may also include a plurality of condensing lenses with different 
refractive powers that are disposed between the light source and the lens stand. Then, any 
of the plurality of condensing lenses may be selectively disposed between the light source 
and the lens. According to this configuration, too, the optical distance between the light 
source and the lens can be changed. 
[0018] 

For example, a method for moving the light source in the direction of approaching 
the lens stand or withdrawing therefrom may be used as the method for illuminating the 
lens at different angles of incidence. With this configuration, too, the optical distance 
between the light source and the lens is changed, causing the light to enter the lens at 
different angles of incidence. Alternatively, the respective light sources may be disposed 
in a plurality of positions at different optical distances from the lens and the lens may be 
illuminated with light from any of those light sources. 
[0019] 

Further, it is preferred that the lens in the above-described measurement device be 
illuminated at no less than two of the three different types of illumination angles: divergent 
light, parallel light, and condensing light. In this case, it is preferred that parallel light be 
included in the types of light illuminating the lens. Including the parallel light makes it 
possible to directly measure the front focal distance fi or the rear focal distance f2. As a 
result, the operations for calculating the fundamental data can be conducted in an easy 
manner. 
[0020] 
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These aspects and features may be utilized singularly or, in combination, in order 
to make improved measurement device. In addition, other objects, features and 
advantages of the present teachings will be readily understood after reading the following 
detailed description together with the accompanying drawings and claims. Of course, the 
additional features and aspects disclosed herein also may be utilized singularly or, in 
combination with the above-described aspect and features. 
[0021] 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram schematically showing an example of a lens to be inspected. 

FIG. 2 is a diagram schematically showing the geometric relationship between the 
incident light and the transmitted light when the lens is illuminated with light at the 
predetermined angle of incidence. 

FIG. 3 is a block diagram showing the configuration of a measurement device 
according to a representative embodiment of the present teachings. 

FIG. 4 is a diagram schematically showing the functions of the condensing lens 
and the image-forming lens disposed on the light-receiving element side of the 
measurement device shown in FIG. 3. 

FIG. 5 is a front view showing the rotation plate disposed between the condensing 
lens and the image-forming lens. 

FIG. 6 is a front view showing a photoelectric conversion element disposed on the 
light-receiving surface of the light-receiving element. 

FIG. 7 schematically shows the state in which the rotation plate blocks the light 
entering the photoelectric conversion element. 

FIG. 8 schematically shows the electric signal output from the photoelectric 
conversion element of the light-receiving element. 

FIG. 9 is a flow chart showing a representative process for measuring the 
fundamental data of the lens. 

FIGS. 10a - 10c schematically show examples of a display screen that is displayed 
on a display unit in the measurement device of another representative embodiment of the 
present teachings. 
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FIG. 11 schematically shows the positional relationship between the measurement 
point and the surface to be inspected when measurements are conducted by moving the 
measurement point in the horizontal direction with respect to the lens to be inspected. 

FIG. 12 schematically shows the positional relationship between the measurement 
point and the surface to be inspected when measurements are conducted by moving the 
measurement point in the vertical direction with respect to the lens to be inspected. 

FIG. 13 schematically shows the relationship between the position and the 
thickness obtained when measurements are conducted by moving the measurement point as 
shown in FIG. 12. 

FIG. 14 schematically shows the relationship between the position and the 
curvature radius obtained when measurements are conducted by moving the measurement 
point as shown in FIG. 12. 

FIGS. 15a - 15b schematically show configurations for projecting light at different 
angles of incidence on the lens. 

FIGS. 16a - 16c schematically show other configurations for projecting light at 
different angles of incidence on the lens. 

FIG. 17 is a diagram schematically showing a geometric relationship between the 
incident light and the transmitted light obtained when a light source was disposed in a 
position outside the optical axis of the measurement device. 

FIGS. 18a - 18e schematically show a set of a plurality of lenses with identical 
refractive power but different lens shapes. 
[0022] 

DETAILED DESCRIPTION OF THE INVENTION 
Detailed Representative Embodiment 

A measurement device according to a representative embodiment of the present 
teachings will be explained below with reference to the drawings. FIG. 3 schematically 
shows a configuration of the measurement device. As shown in FIG. 3, the measurement 
device may have lens stand 12 (e.g., nose piece) on which lens 10 to be inspected can be 
placed. The measurement device may further include light source 22 and light detecting 
element 36. Light source 22 may be disposed on one side of lens stand 12, and light 
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detecting element 36 may be disposed on the other side. Light emitted from light source 

22 passes through lens 10 and is detected by light detecting element 36. 

[0023] 

Light source 22 may comprise an light-emitting diode. Condensing lens 24 may 
be disposed in the optical path between light source 22 and lens 10. The light emitted 
from light source 22 is projected onto lens 10 via condensing lens 24. Light source 22 
may move along the optical axis and is positioned at points A, B, and C shown in FIG. 3. 
When light source 22 is positioned at point A, lens 10 is illuminated with a parallel 
luminous flux (i.e., ® in FIG. 3); when light source 22 is positioned at point B, lens 10 is 
illuminated with a condensed luminous flux (i.e., ® in FIG. 3); and when light source 22 is 
positioned at point C, lens 10 is illuminated with a divergent luminous flux (i.e., (D in FIG. 
3). 

[0024] 

As shown in FIG. 6, light detecting element 36 may have photoelectric conversion 
element 36. Photoelectric conversion element 38 may be disposed on the light-receiving 
surface of light detecting element 36. Photoelectric conversion element 38 is a sensor that 
outputs electric signals when photoelectric conversion element 38 detects a light. The 
electric signals output from photoelectric conversion element 38 are input into control unit 
54. 

[0025] 

As shown in HG. 3, the measurement device may also include condensing lens 32 
and image-forming lens which are disposed with a predetermined distance therebetween on 
the optical path between light detecting element 36 and lens 10. The transmitted light that 
passes through lens 10 is condensed by condensing lens 32, and then guided to light- 
receiving surface of light detecting element 36 by image-forming lens 34, The light- 
receiving surface of light detecting element 36 and lens 10 are conjugated by condensing 
lens 32 and image-forming lens 34. That is, as shown in FIG. 4, the light (e.g., ® or (D in 
FIG. 4) entering a certain position of lens 10 is guided to a certain position on the light- 
receiving surface of light detecting element 36, regardless of the refraction power of lens 
10. Therefore, the light outgoing from a certain position corresponding to lens 10 enters 
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each photoelectric conversion element 38 of light detecting element 36. Thus, in the 
measurement device of the representative embodiment, only the parameters (e.g., thickness, 
refractive index, curvature radius) of each point corresponding to photoelectric conversion 
elements 38 can be measured. 
[0026] 

The measurement device may further comprise rotating plate 40 which is disposed 
between condensing lens 32 and image-forming lens 34. Rotating plate 40 may have 
rotary shaft 50 which is fixed in the center of rotating plate 40. Rotary shaft 50 may be 
connected to an output shaft of motor M. Therefore, when motor M rotates, rotary shaft 
50 also rotates and rotating plate 40 rotates accordingly. 
[0027] 

As shown in FIG. 5, rotating plate 40 may have a round shape, and apertures 42 
may be defined within rotating plate 40 with 90^ spacing in the circumferential direction. 
Those apertures 42 are arranged so as to assume positions crossing the optical path. As a 
result, when rotating plate 40 rotates, the luminous flux that passes through lens 10 is 
periodically blocked by rotating plate 40. Therefore, the light entering photoelectric 
conversion element 38 is also periodically blocked according to the rotation of rotating 
plate 40, as shown in FIG. 7, and the electric signal output from photoelectric conversion 
element 38 changes periodically, as shown in FIG. 8. 
[0028] 

If the intervals fi'om an instant of time corresponding to a certain reference 
position, to the blocking and opening of the path for the incident light to enter photoelectric 
conversion element 38 are denoted by Tl and T2, respectively, then a position on the 
rotation plane of rotating plate 40 where the light entering photoelectric conversion element 
38 is interrupted, can be calculated from time intervals Tl and T2. Methods for 
calculating the position based upon time intervals Tl and T2 are known (e.g., Japanese 
Laid open Patent Publication No. 5-231985) and thus, a detailed explanation will be 
omitted. 
[0029] 

As is clear from the above, the light outgoing from the predetermined position of 
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lens 10 normally enters a predetermined position on the light-receiving surface of light 
detecting element 36, but the position on rotating plate 40 in which the light outgoing from 
the predetermined position of lens 10 is blocked differs, for example, depending on the 
refraction power of lens 10 (see FIG. 4). In order to specify the position in which the light 
outgoing from lens 10 is blocked by rotating plate 40, slits 48 may be defined on the outer 
periphery of rotating plate 40, as shown in HG. 5. Rotational position detecting sensor 52 
may be disposed in the corresponding position on the rotation trajectory of slits 48. 
Rotational position detecting sensor 52 may comprise a light source and a light-receiving 
element. The light source and the light-receiving element may be disposed so as to 
sandwich rotating plate 40. When rotational position detecting sensor 52 detects slits 48, 
the reference rotational position signal of rotating plate 40 is output from rotational position 
detecting sensor 52. The reference rotational position signal output from rotational 
position detecting sensor 52 is input into control unit 54. Control unit 54 can specify the 
position at which the light outgoing from the predetermined position of lens 10 enters the 
rotation plane of rotating plate 40 by the relationship of the time intervals Tl and T2 (i.e., 
the time intervals to the blocking and opening of the incident light after the input of the 
reference rotational position signal) of the electric signals output from photoelectric 
conversion element 38. 
[0030] 

Control unit 54 may control the position of light source 22 and the rotation speed 
of rotating plate 40, and calculate the refractive power of lens 10 in each position based 
upon the electric signal output from light detecting element 36 (i.e., photoelectric 
conversion element 38) and the reference rotational position signal output from rotational 
position detecting sensor 52. Methods for calculating the refractive power based upon the 
electric signal output from light detecting element 36 and the reference rotational position 
signal are known (e.g., Japanese Laid open Patent Publication No. 5-231985) and thus, a 
detailed explanation will be omitted. 
[0031] 

Further, control unit 54 may also calculate the front surface curvature radius ri and 
rear surface curvature radius r2 of lens 10, the thickness t of lens 10, and the refractive 
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index n of lens 10 based upon three "angle of incidence - degree of refraction" relationships 
obtained by calculating the respective refractive powers for the transmitted light of the light 
entering at three angles of incidence. Thus, as shown in FIG. 2, when the degree of 
refraction is obtained for one angle of incidence, one above-mentioned equation (2) can be 
obtained. Therefore, control unit 54 may calculate the variables b, c, and f2 (or a, b, and 
fi) (the meaning of the symbols is identical to that explained with reference to FIG. 2) by 
solving the system of the three equations: equation (2) obtained from the degree of 
refraction measured when light source 22 is positioned at point A, equation (2) obtained 
from the degree of refraction measured when light source 22 is positioned at point B, and 
equation (2) obtained from the degree of refraction measured when light source 22 is 
positioned at point C. Further, lens 10 is reversed and placed on lens stand 12, and the 
variables a, b, and fi (or b, c, and f2) are calculated by conducting similar processing. If 
the variables a, b, c, fi, and f2 are thus calculated, then the front surface curvature radius ri 
and the rear surface curvature radius r2 of lens 10, the thickness t of lens 10, and the 
refractive index n of lens 10 can be calculated by the following formulas: 

t = a + b + c, 

n = t/(f - (fi • f2/f)) (where f= f i + a = f2 + c) 

r, = (n - 1) • t/n ' (1 - f2/f) 
r2 = (n-l)t/n(fi/f-l) 

[0032] 

The calculated front surface curvature radius ri, the rear surface curvature radius 
r2, the thickness t, and the refractive index n may be preferably displayed on display unit 
56. Control unit 54 may also displays on display unit 56 the focusing distance f (= fi + a = 
fi + c), refractive power D (= 1000/f), front refractive power Dl (= 10(X)/fi), and rear 
refractive power D2 (= lOOO/fz) determined from a, b, c, fi, and f2. Control unit 54 may 
comprise a microprocessor or microcomputer that includes, e.g., central processing unit 
(CPU), read only memory (ROM), random access memory (RAM) and input/output port 
(I/O). 
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[0033] 

The representative operation of the measurement device will now be explained 
with reference to the flowchart of FIG. 9. First, lens 10 to be inspected is placed on lens 
stand 12 (step SIO). For example, lens 10 is placed so that the front surface of lens 10 
faces the light source 22. When lens 10 is placed on lens stand 12, control unit 54 
positions light source 22 in the predetermined position (step S12). That is, when the first 
measurement of refractive power is conducted with respect to one surface of lens 10, light 
source 22 is positioned at point B shown in FIG. 3; when the second measurement is 
conducted, light source 22 is positioned at point A shown in FIG. 3; and when the third 
measurement is conducted, light source 22 is positioned at point C in FIG. 3. 
[0034] 

After light source 22 is positioned at the predetermined position, light source 22 is 
turned on (step S14), and the refractive power of the transmitted light that has passed 
through lens 10 is measured (step S16). That is, control unit 54 drives motor M, thereby 
rotating rotating plate 40 at the predetermined rotation speed, and measures the refractive 
power based upon the electric signal output from light detecting element 36 and the 
reference rotational position signal output from rotational position detecting sensor 52. 
Once the measurement of refractive power has been completed, the measured refractive 
power is stored in the memory (e.g., RAM of control unit 54) (step SI 8) and control unit 54 
determines whether the refractive power has been measured by positioning the light source 
22 at each position (step 820). 
[0035] 

If the refractive power has not been measured by positioning light source 22 at 
each position ("NO" in step S20), the processing flow returns to step S12, and the 
processing is repeated from step S12. As a result, the refractive power corresponding to 
positioning light source 22 at each position of points A, B, and C is measured. On the 
other hand, when the refractive power has been measured by positioning light source 22 at 
each position ("YES" in step S20), the processing flow proceeds to step S22 and control 
unit 54 determines whether the refractive power has been measured with respect to both 
surfaces of lens 10. 
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[0036] 

If the refractive power has not been measured for both surfaces of lens 10 ("NO" 
in step S22), lens 10 is reversed on lens stand 12 (step S24), and the processing is then 
repeated from step S12. As a result, the refractive power is measured when the light 
enters both surfaces of lens 10 at three respective angles of incidence. Lens 10 may be 
reversed automatically by control unit 54 or manually by the user. When lens 10 is 
reversed manually by the user, the user enters an input to the effect that the lens was 
reversed from an input unit (e.g., keyboard); once control unit 54 receives this input, it can 
proceed to subsequent processing. 
[0037] 

Conversely, when the refractive power has been measured for both surfaces of lens 
10 ("YES" in step S22), control unit 54 computes the various parameters of lens 10 (i.e., 
thickness t, refractive index n, front surface curvature radius ri, rear surface curvature 
radius r2, focusing distance f, refractive power D, front refractive power Dl, and rear 
refractive power D2) (step S26). The results of the computation obtained in step S26 are 
displayed on display unit 56 (step S28). 
[0038] 

As is clear from the above, in the above illustrated representative embodiment, the 
shape data of the lens (e.g., thickness t, front surface curvature radius ri, and rear surface 
curvature radius vi), which could not be measured with the conventional technology, are 
measured and those data are displayed on display unit 56. Therefore, the lens shape of 
non-spherical lenses and progressive multifocal lenses can be determined. As a result, for 
example, the far portion, near portion and progressive portion of progressive multifocal 
lenses can be easily determined. 
[0039] 

Further, in the above illustrated representative embodiment, data relating to the 
material of the lens (e.g., refractive index) are measured and displayed on display unit 56. 
Therefore, the lens material can be identified from data, such as the refractive index, that 
are displayed. Therefore, for example, when only one lens of a pair of eyeglasses is 
broken and needs to be replaced, the refractive index and thickness of the other lens of the 
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eyeglasses can be measured and a replacement lens can be fabricated from the same 

material based upon the data obtained. 

[0040] 

The above illustrated representative embodiment provides an example of the 
application of the present teaching. However, the present teachings include various 
changes and modifications of the above illustrated representative embodiment. 
[0041] 

(1) First modified embodiment 

In the above illustrated representative embodiment, the refractive power is 
measured by illuminating both surfaces of lens 10 with a light at three angles of incidence, 
and the fundamental data relating to lens 10 are calculated by solving a system of six 
equations that are obtained from the measurement results. However, the present teachings 
are not limited to this embodiment. For example, the thickness t of the lens to be 
inspected may be measured separately with a micrometer, and the refractive power may be 
measured with respect to two angles of incidence on both surfaces of the lens. That is, by 
measuring the thickness t of the lens, the variable b contained in the aforesaid formula (2) is 
represented by t - a - c. Therefore, a total of four variables, a, c, fi, and f2, are necessary 
in order to calculate the fundamental data relating to the lens, and a system of four 
equations is necessary to calculate those variables a, c, fi, and f2. For this reason, various 
parameters can be calculated by merely measuring the refractive power by illuminating one 
surface of the lens with light at two angles of incidence. Further, in the measurement 
device of such an embodiment, the measurement device may include a micrometer and the 
thickness t of the lens may be measured automatically by the micrometer. Alternatively, 
the thickness t of the lens may be measured manually and input into the measurement 
device. 
[0042] 

Alternatively, the refractive power can be measured by illuminating only one 
surface of the lens with light at three angles of incidence and finding the variables b, c, and 
f2 (or a, b, and fi) by solving a system of three equations that were obtained from the 
measurement results. The remaining variable a (or c) may be found by measuring the 
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thickness t of the lens and subtracting b + c (or a + b) from the thickness t. In this case, it 
is not necessary to reverse the lens and measurements can be conducted within a short time. 
[0043] 

Further, it is also possible to measure the refractive power by illuminating only 
one surface of the lens with light at three angles of incidence and to directly determine the 
summary data relating to the lens shape by using the variables b, c, and f2 (or a, b, and fi) 
calculated by solving the system of three equations obtained from the measurement results. 
That is, if a known equation for finding three focal distances f, fi, and is transformed 
using the curvature radii ri, and 12 of the lens, the thickness t of the lens, and the refractive 
index n, then the variables c, a, t, ri, and r2 can be represented by the following equations: 

c = (n - 1) • t • £^(n •) 
a = -(n-l)t£^(nr2) 
t = nb/(n-l) 
ri = (b/c) • f 

r2 = bf(n-l)(c(n-l)-b) 
(f = fi + a = f2 + c) 

These equations clearly demonstrate that if the variables b, c, and f2 are 
determined by solving a system of three equations, then the parameters t (thickness), and ri 
and r2 (curvature radii) representing the lens shape become functions that use the refractive 
index n as a variable. 
[0044] 

Therefore, first, the respective parameters ti, rn, and r2i (i = 1 - m) relating to a 
plurality of measurement points Pi (i = 1 - m) on the surface to be inspected are determined 
as functions of the refractive index n, and then ti, rn, and r2i are calculated for each 
measurement point Pi by substituting the appropriate values into the refractive index n. 
The summary data relating to lens shape are determined from the tj, rn, and r2i calculated 
for each measurement point Pi. For example, a reference shape (ti, rn, and r2i) is 
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determined by selecting the measurement point Pi as a reference point. Variations of the 
shape at each measurement point Pi with respect to the shape at the reference point Pi are 
then assessed by comparing the reference shape (tl, rn, and r2i) with the shape (ti, ru, and 
r2i) in another measurement point Pi. Thus, a decision is made as to whether the thickness 
has increased or the curvature radius has become larger. As a result, it is possible to find, 
for example, a far portion, a near portion, and a progressive portion of a progressive lens 
(i.e., multifocal lens). 
[0045] 

Further, when such a method is used, it is preferred that, for example, the 
refractive power D, thickness t, and curvature radii ri and r2 relating to each measurement 
point could be selectively displayed on a display unit. For example, the refractive power 
at measurement points Pi, P2, and P3 can be displayed as shown in FIG. 10a, or the 
thickness t at measurement points Pi, P2, and P3 (as shown in FIG. 10b) or the curvature 
radius ri or r2 (as shown in FIG. 10c) can be displayed according to the user's input. As a 
result, it is possible to visually comprehend the relative positions of measurement points Pi, 
P2, and P3, and the optical and shape characteristics at each measurement point Pi, P2, and 
P3. Furthermore, it is possible to determine which of the shape elements (e.g., thickness, 
front or rear curvature radii) brought about the changes in optical characteristics. 
[0046] 

Furthermore, changes in the lens thickness or changes in the curvature radius 
resulting from the movement of the measurement point in the horizontal or vertical 
direction of the lens (as shown in FIG. 11 and FIG. 12) may also be displayed in the form 
of a graph with the position of the measurement point plotted against the abscissa. Thus, 
FIG. 13 shows how the lens thickness t changes according to the movement of the 
measurement point, and FIG. 14 shows how the curvature radius changes. Such a display 
makes it possible to easily comprehend changes in the lens shape. 
[0047] 

(2) Second modified embodiment 

In the above illustrated representative embodiment, the angle of incidence (i.e., the 
angle of the light entering the lens to be inspected) is changed by moving the position of the 
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light source in the optical axis direction; but the present teachings are not limited to this 
method. For example, as shown in FIG. 15a, it is also possible to fix light source 60 and 
to move condensing lens 62 disposed between light source 60 and the lens to be inspected 
in the optical axis direction (e.g., Q)^®, ©— j^®). With such a method, too, the angle of 
incidence of the light entering the lens to be inspected can be changed. Further, as shown 
in FIG. 15b, a plurality of condensing lenses 66a, 66b, and 66c may be disposed between 
light source 64 and the lens to be inspected; and those condensing lenses 66a, 66b, and 66c 
may be selectively disposed on the optical axis. 
[0048] 

Alternatively, as shown in HG. 16a, the incidence angle of the light entering the 
lens to be inspected may also be changed with three fixed light sources 68a, 68b, and 68c. 
Further, which of light sources 68a, 68b, and 68c will be used to illuminate the lens to be 
inspected can be selected by controlling two reflective mirrors 70a and 70b. When a 
plurality of light sources is used, a variety of variations can be selected for the arrangement 
of those light sources. For example, as shown in FIG. 16b, light sources 74a, 74b, and 74c 
can be disposed, or as shown in HG. 16c, light sources 80a, 80b, and 80c can be disposed. 
The arrangement of light sources can be changed appropriately according to the 
arrangement space available inside the measurement device. 
[0049] 

(3) Third modified embodiment 

In the above illustrated representative embodiment, the light source was positioned 
on the optical axis of the measurement device, but the light source may be also disposed at 
a location that is not on the optical axis of the measurement device. For example, as 
shown in FIG. 17, the light source may be disposed at point B', which is located at a 
distance H from the optical axis. In this case, the angle of incidence of the light entering 
the measurement reference position P is changed by A a with respect to that obtained when 
the light source is disposed at point A' on the optical axis. However, the refractive angle 
of the transmitted light that has passed through the lens also assumes a value obtained by 
adding A a . to the refractive angle pi obtained when the light source is disposed at point A' 
on the optical axis. This A a is determined by the distance Li from the light source to the 
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surface to be inspected, and the distance H from the optical axis to the light source. Both 
of these values can be measured. Therefore, even if the light source is disposed at a 
position that is not on the optical axis of the measurement device, an equation similar to the 
above-described equation (2) can be derived from the "angle of incidence - degree of 
refraction" relationship. Therefore, in this embodiment, too, the fundamental data on the 
lens to be inspected can be calculated. 
[0050] 

(4) Forth modified embodiment 

In the above illustrated representative embodiment, a projection system was used 
as the measurement system for measuring the degree of refraction, but a coincidence 
system or image-forming system can be also employed as the measurement system for 
measuring the degree of refraction. 
[0051] 

Finally, although the preferred representative embodiment has been described in 
detail, the present embodiment is for illustrative purpose only and not restrictive. It is to 
be understood that various changes and modifications may be made without departing from 
the spirit or scope of the appended claims. In addition, the additional features and aspects 
disclosed herein also may be utilized singularly or in combination with the above aspects 
and features. 
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